ft • 

Auomcy Docket No. 2316.1260US01 

Field of the In vention 

The present invention relates to electronic signal transmission and 
switching. More specifically, the present invention relates to multt-funct.on, nuHt,- 
circuit switching jack modules for the audio, broadcast and entertatnment mdustnes. 

p;,i-i/|.,.-n.inrt nf Ihe Invention 

Analog and digital audio signals are transmitted over balanced and 
shielded twisted pair cables. These cables include a pair of insulated conductors, either 
,,a„ded or sohd wire, which are su.ounded by a nretal foil sh.eld. The shield se.es to 
reduce the impact of external electromagnetic inference on the signal being transmttted 
over the cable and also .0 reduce the electromagnetic field generated by the stgnals 

being transinitted over the cable. 

In a professional audio and video industry application, a large number of 
such cables will be in use to carry signals from sources to processing devices such as 
mixers or equalizers and further to amplifiers or other downstream devices. The 
environment in which these signals are generated is qtute dynamic and requires the 
ability to quickly and easily shift connections between sources, and and downstream 
devices A jack field provides Ibis sort of connection fiexibili.y. Ajack field allows 
incoming sigtrals to be patched into circuits connected ,0 devices and signals retumtng 
from devices to be patched into cireutts connected to downstream devices. Each jack ,n 
,h,s jack field requires three conducting paths, two for the balanced audio s.gnal and one 
for the shield to serve as a grounding path. There are three principal ways to connect 
these jacks to one another, depending on the needs of the particular situation. 
; First, a jack field tnay be set up for non-normal conneefions, meantng 

,hat each jack is connected directly to another jack. When a connect.cn between 
devices is needed, a patch cord must be used. For example, a source is connected to J 1 
and J I is electronically linked to jack 1 . A device is connected to J 1 and J2 ,s 
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electronically linked to jack 2. To link the source to the device, a patch cord would be 
used to electronically link jack 1 to jack 2, as shown m FIG. 28b. Without a patch cord 
in place in jack 1 or jack 2, no connection will exist for either the source or the device, 

as shown in FIG. 28a. 

A second method of connecting jacks is referred to as normal. As an 
example, a source and an device are designated to be linked together electronically as a 
default or normal condition, but it is still necessary to be able to switch the source to 
another device, or connect another source to the device, on occasion. To accomplish 
this, a source is connected to Jl and an device is connected to J2. Jl is also 
electronically connected to J2. Jacks 1 and 2 are placed in the circuit connecting Jl and 
J2, as shown in FIG. 29a, and are configured such that, if a patch cord is inserted into 
jack 1 or jack 2, the connection between J 1 and J2 is broken, as shown in FIG. 29b. If a 
patch cord is inserted into jack 1, it will not only break the J1-J2 connection, but the 
patch cord will be electronically linked to the source connected to Jl. Similarly, a patch 
1 5 cord inserted into jack 2 will break the J1-J2 connection and be electronically linked 
with the device connected to J2. So, in a normal configured jack field, two elements 
can be configured to be normally electronically connected to one another but that 
normal connection can be broken and the connections redirected as necessary. 

A third method of connecting jacks is referred to as half-normal. In the 
20 default state, a source connected to J 1 and an device connected to J2 are connected 

together through jack 1 and jack 2, as shown in FIG. 30a. This arrangement allows, for 
example, the feed coming from a source to Jl to be monitored by a device connected 
into the normal circuit by a patch cord inserted into jack 1 without the insertion of the 
patch cord into jack 2 causing the connection between the source and the device 
25 connected to J2 to be broken, as shown in FIG. 30b. In addition, the connection 

between the source and the device can be broken by the insertion of a patch cord in jack 
2. When a patch cord is inserted into jack 2, the patch cord in jack 1 can then be used to 
patch the source to another device and patch cord in jack 2 can be used to patch another 
source to the device, as shown in FIG. 30c. 
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Another aspect of the connection between jacks and devices connected to 
the jacks is the treatment of the sh.eld. Typically, the shield of the cable connected to 
the first jack is electronically linked to the shield of the cable connected to the second 
jack when the first jack and the second jack are electronically linked. It is desirable to 
have the ability to link the shields either individually or jointly to a common ground. 
This allows maximum fiexibility in the configuration in the electronic linkages between 
the jacks, depending on the devices connected to the jacks. 

While these connection schemes within a jack field are known, the 
ability of users to reconfigure a jack field or a jack pair within a jack field from one to 
another of the three arrangements could be improved. A variety of approaches have 
been used m the past, including wire wrapping leads together between the jacks, 
soldering the leads together between the jacks, using straps or jumpers to reconfigure 
comiections betweenjacks, or using small metal plates of different sizes and shapes to 
reconfigure the eomiection between jacks. In some designs, the entire jack field would 
need to be exchanged to reconfigure the arrangement. This type of design does not 
allow the users to configure the circuits connected to individual devices and required all 
devices connected to a particular jack field to be configured identically. Improvement 
to the ability to create and modify the state of the connection betweenjacks and 
individual devices in the jack fields is desirable. 

In addition, users of these types of devices and jack fields have very 
complex and dense wiring environments within their physical plants. Improvement to 
the density of connections possible in the limited space available withm their physical 
plant without a loss of flexibility of configuration is desirable. 

<;..mmarv of the Invention 

The present invention relates to switching circuits such as for an audio 
signal transmission environment. One aspect of the invention is a switching module 
which comains pairs of audio jacks for receiving audio plugs and circuitiy connecting 
these jacks to a second set of connectors. Included in the circuitiy are two posifion 



switches which allow the switching module to be configured for several different 

switching conditions. 

A further aspect of the invention is a method of configuring the switches 
to provide straight through, normal and half normal connections between the audio 
5 jacks and the second set of connectors. 

A further aspect of the invention is a system including a chassis, with 
switching modules and connecting modules, the connecting modules electronically 
linking audio cables connected to the connecting modules to cables connected to audio 
plugs inserted into audio jacks of the switching modules. 
IQ A variety of advantages of the invention will be set forth in part and the 

description that follows, and in part will be apparent from the description, or may be 
learned by pracficing the invention. It is to be understood that both the foregoing 
general description and the following detailed description are exemplary and 
explanatory only and are not restrictive of the invention as claimed. 
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Brief Description of the Drawings 

The accompanying drawings, which are incorporated in and constitute a 
part of the specification, illustrate several aspects of the invention and together with the 
description, serve to explain the principles of the invention. A brief description of the 

drawings is as follows: 
20 FIG. 1 is a perspective view of the first side of an audio signal 

transmission chassis with four switching modules mounted in the chassis and a fifth 
module in position for insertion into the chassis. 

FIG. 2 is a perspecfive view of the second side of the chassis of FIG. 1, 
showing three connecting modules mounted in the chassis. 

FIG. 3 is a first perspective view of one of the switching modules of FIG. 
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1. 

FIG. 4 is second perspective view of the switching module of FIG. 3. 
FIG. 5 is a side view of the switching module of FIG. 4 




FIG. 2. 



10. 



10 of FIG, 10. 
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FIG. 6 is an end view of the switching module of FIG. 4. 
FIG. 7 is an exploded view of the switching module of FIG. 4. 
FIG. 8 is a circuit diagram of the switching module of FIG. 4. 
FIG. 9 is a switching legend for the switching module of FIG. 4. 
FIG. 10 is a first perspective view of one of the connecting modules of 

FIG. 1 1 is a second perspective view of the connecting module of FIG. 

FIG. 12 is a view of the cable connection side of the connecting module 

FIG. 13 is a view of the switching module connecting side of the 

connecting module of FIG. 10. 

FIG. 14 is an end view of the switching module of FIG. 10. 
FIG. 15 is a top view of the switching module of FIG. 10. 
FIG. 1 6 IS a first perspective view of a second connecting module of 

FIG. 17 IS a second perspective view of the connecfing module of FIG. 

FIG. 18 IS a view of the cable connection side of the connecting module 

FIG. 19 is a view of the switching module comiecting side of the 

connecting module of FIG. 16. 

FIG. 20 is an end view of the switching module of FIG. 16. 

FIG. 21 is a top view of the switching module of FIG. 16. 

FIG. 22 is a first perspective view of a third connecting module of FIG. 

^' FIG. 23 is a second perspective view of the connectmg module of FIG. 

22. 
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FIG. 24 is a view of the cable connection side of the connecting module 

of FIG. 22. 

FIG. 25 is a view of the switching module connecting side of the 

connecting module of FIG. 22. 

FIG. 26 is an end view of the switching module of FIG. 22. 

FIG. 27 is a top view of the switching module of FIG. 22. 

FIG. 28a is a diagram of a prior art non normal circuit without a patch 



cord. 



FIG. 28b is a diagram of a prior art non normal circuit with a patch cord. 
FIG. 29a is a diagram of a prior art full normal circuit without a patch 



cord. 



FIG. 29b is a diagram of a prior art full normal circuit with a patch cord. 
FIG. 30a is a diagram of a prior art half normal circuit without a patch 

cord. 

J 5 FIG. 30b is a diagram of a prior art half normal circuit with a monitor 

connected with a patch cord. 

FIG. 30c is a diagram of a prior art half normal circuit with a patch cord. 

FIG. 31 is a front perspective view of an alternative designation lens for 
holding indicia. 

20 FIG. 32 is a rear perspective of the designation lens of FIG. 3 1 . 

FIG. 33 is a rear view of the designation lens of FIG. 3 1 . 

FIG. 34 is a top view of the designation lens of FIG. 31. 

FIG. 35 is a rear view of the designation lens of FIG. 31. 

FIG. 36 is a cross-sectional view of the designation lens of FIG. 31 taken 
25 along AA in FIG. 35. 
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DetailedDescnptio^ 
Reference w.ll now be made in dcail lo exemplary aspects of Ihe prcscm 
invem,on .ha. are r.lus.ra.ed ,n .he accompanying drawings^ Wherever poss.bic, .he 
same reference numbers w„l be ased .hroughon. .he drawings ,0 refer .0 .he same or 

like parts. . 

Referring now .o FIG. 1, an audio signal .ransmission chassis 10 .s 

shown wi.h four swi.ching modules 100 moun.ed wLhin .he chassis and a fifth 

.„i.ch,ng module 100 ,n pos,.,o„ .o he inserted in.o ehass.s ,0. Swi.ching modules 100 

arc mounred by engaging card slo.s 1 2 in upper pla.e .4 and lower pla.c 1 6. Removable 

fasleners are ,hen inserted .hrough each module 100 and engaged by opemngs 18 m firs. 

FIG 1 bu. may include any .ypc of sui.able removable fas.ener such as a screw. 
Chassis 10 comprises upper pla.e 14 and lowerpla.e .6 which are joined ,0 eacho,her 
by end pla.es 24 and a series of in,e™edia.e pla.es 26. Mourning flanges 30 are 
included a. .he swr.ching module end of sides 24. Moun.ing flanges 30 may be used .o 
moun. chassis ,0 in a conveniem loca.ion, such as ,n an equipmen. rack. End plates 
and in,en.cdia,e pla.es 26 coopera.e .o fo™ sw,.ch module bays 28. Each bay 28 ,s 
configured .o receive eigh, sw,.ching modules lOO. Each bay 28 includes e,gh. card 

pla,e flange 20 and lower pla.e flange 22 .o allow .he eigh, switching modules 1 00 to be 
mourned .0 .he chassis. Projec.ions 27 projec. .ransversely in.o slo.s , 2 for centering 

modules 100. • a \ 

Also mounted wi.hin each bay 28 of chassis 10 is a comreCing module. 

Three differen. connec.ing modules 200, 300 and 400 are shown in FIG. 1 Differen. 

; combma.ions of connecting modules 200. 300 and 400 can be used as desired. Further 

descripiions of switching module 100 and connec.ing modules 200, 300 and 400 are 

included below. A similar chassis .o chassis 10 of FIGS. 1 and 2 is shown and 

described in U.S. Pa.en. No. 6,1 86,798. Further connec.ing modules are also shown 

and described ,n U.S. Pa.en. No. 6,1 86,798. Chassis 10 is also useable w,.h .he jack 
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access cards or modules shown and described in U.S. Patent No. 6,186,798. The 
disclosure ofU.S. Patent No. 6,186,798 is incorporated by reference. It is anticipated 
that module 100 can be adapted for use with a variety of standard and non-standard 
chassis and also in conjunction with other mounting systems. 

Referring now to FIG. 2, a second perspective view of chassis 10 is 
shown. Connecting modules 200, 300 and 400 are mounted to chassis 10 with fasteners 
inserted through the connecting modules and into openings 18 in second upper plate 
flange 32 and second lower plate flange 34. The fasteners are not shown in FIG. 2 but 
may include any type of suitable removable fastener such as a screw. 

Referring now to FIGS. 3 through 9, further details of switching modules 
100 are shown. FIGS. 3 through 6 show an assembled switching module 100. A card 
edge connector plate 102 is provided for connecting to one of connecting modules 200, 
300 or 400. Card edge connector plate 1 02 includes ten card edge contacts 1 04 on each 
side of plate 102, for a total of twenty possible card edge connections. Connectors 118 
5 are used to electronically connect contacts 104 with circuitry on circuit board 122. 

Standoffs 120 are used to physically connect plate 102 to jack housing 124. Eachofthe 
ten posts 128 that are part of each connector 118 extends through a hole 127 in plate 
102 and is electronically connected to a single contact 104. Each of the ten posts 128 
that are part of each connector 1 1 8 extends through a hole 1 29 in circuit board 1 22 and 
20 is electromcally connected to a circuit on board 122. These circuits will be described in 
detail below but are not shown in FIGS. 3 through 9 for clarity. Offsetting of card edge 
plate 102 allows module 100 to be used in the arrangement described in U.S. Patent No. 
6,186,798. While modules 100 can be used in a variety of environments to support 
audio patching, the utility of these modules is enhanced by ensuring interchangeability 
25 with an existing rack system such as described in the '798 patent. 

A switch bank 114 with twelve switches 1 16 is mounted to circuit board 
122 with switch contacts 132 extending through holes 133. Each switch 1 16 has two 
positions, open and closed. Switches 1 16 can be either sliding or rocker switches or 
some other fomi of two position switch appropriate for mounting on a circuit board. 

8 




Switches 1 1 6 may sometimes be referred to as DIP switches. Switch contacts 1 32 are 
Unked into the circuitry on circuit board 122. The circuitry on circuit board 122 also is 
electronically linked with spring contacts 134 which extend through holes 135 m circuit 
board 122. The circuitry on circuit board 122 will be described in detail below. Each of 
5 these spring contacts 134 is part of a spring 136 which is received in a slot 138 of jack 
housing 124. The configuration and function of springs 136 will be described below in 
the description of the circuitry of module 100. Spring cover 130 encloses springs 136 
and slots 138. 

On an opposite side of switching module 100 from card edge contacts 
10 104 are four audio jacks 106 positioned with access openings along face 140 ofjack 
housing 124 which are sized to receive bantam audio plugs (not shown). It is 
anticipated that other types of jacks and plugs may be utilized with module 100. A 
bantam audio plug for use with module 100 has tip, ring and shield contacts which are 
attached to the tip, ring and shield conductors of a shielded audio cable. When a bantam 
15 audio plug IS inserted into a jack 106, the tip, ring and shield contacts of the plug come 
into contact with selected springs 136 and thus to the circuitry of switching module 100. 
At either end of face 140 are mounting extensions 1 12 through which are holes 1 11 for 
receiving fasteners 110. Fasteners 1 10 cooperate with openings 18 of chassis 10 for 
mounting switching modules 100 to chassis 10. On face 140 adjacent to each jack 106 
20 are designation devices 108. In the preferred embodidment, each designation device 
108 IS at least partially transparent to visible light and holds indicia of the circuit linked 
to an adjacent jack opening 106. Additional details of designation devices 108 are 
provided below. Extending from jack housing 124 are tabs 126. Tabs 126 are sized and 
shaped to engage slots 12 in chassis 100 so that a module 100 can be slid into a bay 28 
25 for mounting with fasteners 1 1 0 into openings 1 8 in first upper plate fiange 20 and first 

lower plate flange 22. 

Referring now to FIG. 8, the wiring schematic of the circuitry of module 
100 and the configuration of springs 136 is shown. Jl, J2, J3 and J4 represent the jack 
openings 106 through face 140 of module 100. Without a plug inserted into jack 
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opening ,06, a no™,al connecon cx.s.s bcnv«n .be spnngs labeled R and RN and 
between *e spnng. labeled T and TN, Wben a ban.an, audio plug is inserted n,.o one 
oflhe ,aek open.ngs 1 06, spnngs labeled T and R are displaced, breaking .he conneCon 
„i,l, springs TN and RN, respec.ively. When .he plug ,s fully inserted m.ojaek 
openmg 106, .he ,ip, ring and shield comac.s of the plug are elee.ronically connec.ed 
with .he springs labeled T, R and S, respee.ively. Card edge connec.ors 104 are 
grouped into four groups, Gl, G2, G3 and G4, eaeh group includ.ng a .ip connec.or, a 
ring eonneeror and a shield connee.or. Through ,he eonnee.ion modules 200, 300 and 
400 described below, eaeh group of .hree card edge connec.ors ,s eonnec.ed .o a 
shielded cable leading .0 an audio source or o.ber audio signal devrce. As shown ,„ 
switching module ,00, only .hirtcen card edge connections .04 are used, one for each T, 
R and S spring in jacks J , , J2, J3 and J4, and one ,0 ae. as a common ground. 

Referring now <o FIGS. 8 and 9, the operation of swt.ches ,16 to change 
the configuration of switching module 100 can be seen. M„du,e ,00 can be configured 
in three diteent conditions: no normal, half non.a, and fn„ normal. To configure 
™aule ,00 to a no nomta, eondtuon, all swttches 1 ,6 are lef^ open. This conditton has 
no nonmal state eonnect.ons between any of Gl, G2, G3 or G4. The only way a cable 
.inked to Gl connectors can be linked to a cable hnked to G2 connectors ,s through the 
use of a patch cord w„h audio bantam plugs .nserted into Jl and J2. To configure 
module 100 to a full normal condition, swt.ehes ,16 ,abeled ,, 3, 7 and 9 are closed, 
wi.h .he remaining swttches left open. This fid, nonrta, condition aUows a default 
elecronic eonnee.ion between Gl and G2, and between G3 and G4, when no plugs are 
present in H , J2, ,3 and H. For example, assume G3 is linked to an audto source and 
tbis audio source is nonntally used in conjunction with a particular audio effects devree 
, „„ked to G4. Without an audio plug in either J3 or ,4, this nonnal eonnectton extsts. 
When an altemattvc connection is required, patch cords can be inserted in J3 and ,4 to 



circuits. 
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To configure module 100 to a half normal condition, switches 116 
labeled 2, 4, 8 and 9 are closed and the remaining switches are left open. This condition 
also provides a default electronic connection between Gl and G2, and 03 and 04. In 
this half normal condition, an audio plug inserted mto Jl or J3 will permit another 
device or monitor to be linked into the default circuit without breaking the circuit. If it 
is desirable to break the default circuit and patch the attached devices to alternative 
circuits, inserting patch cords into J2 and J4 will serve to break the normal circuits and 
allow patching to be carried out. 

As shown in FIO. 8, the shield connectors of 01, 02, 03 and 04 are 
connected directly to the springs labeled S in Jl, J2, J3 and J4, which will in turn 
contact the shield contact of an audio plug inserted into the jack. In some situations, it 
is desirable to have the shield connections also tied into a common ground or shield 
buss. Switches 116 labeled 5, 6, 11 and 12 allow the shield circuit between 01 and Jl, 
02 and J2, 03 and J3, and 04 and J4, respectively, to be tied into the common ground. 

Referring now to FIOS. 10 through 27, connecting modules 200, 300 and 
400 will be described. The role of connecting modules 200, 300 and 400 is to 
electronically link card edge contacts 104 to audio cables. These connecting modules 
are flexible in terms of the connectors they provide for linking to these audio cables and 
the nature of the internal connection between the card edge contacts and the rear 
20 connectors. Three alternatives each of cable connectors and internal comiection are 
illustrated by modules 200, 300 and 400. All three of the module alternatives include 
card edge slots for receiving card edge plates 102 and electronically linking with card 
edge contacts 104. Additional alternative versions of connecting modules are shown in 
the above-referenced U.S. Patent No. 6,186,798. 

Referring now to FIOS. 10 through 15, module 200 includes insulation 
displacement connectors (IDCs) 214 for linking to individual conductors within audio 
cables and utilizes wire wrap tails 218 within the module to link the card edge 
connectors to the IDCs 214. Module 200 includes a C-shaped, open-ended housing 202, 
which also serves as the mounting surface for card edge slots 220. Card edge slots 220 



15 



25 



11 




10 



15 



20 



.erve .o interface wi.h card edge pla.es ,02 of modules .00 and .nc.ude con.aCs wh,eh 

„,„„n.,ng open,ngs 206 and 2.0 for n,o„n.ing nroda.e 200 ,o chass.s ,0 wi.h fas.eners 
inser.ed .hrough openings 206 and 2.0 and in.o openings .8 in second upper p.a.e 
nange 32 and second .ower p.a.e nange 34, Openings 206 inc.ude a larger .ower 
open,ng 205 and a smaller upper open.ng 207 for passage of a fas.ener head and shaf., 
respecively. Open.ngs 2,0 are configured as downward facing slots. Even .hough .he 
ends of module 200 are open, access .0 .he fas.eners for mounting or removal from a 
chassis ,0 nray be d.ff.cu,., smee mul.,p,. modules 200, 300 and 400 may he moun.ed 
side-by-side. blocking ,he open ends. Upper access s,o.s 208 and lower access slcs 212 

„ . .„„»„r .he fas.eners such as with a screwdriver, even when 

allow users to see and engage me lasienci^, 

additional modules are mounted alongside modu,e 200. 

Mourned across the open end of housing 202 is pla.e 204. Plate 204 
serves as the mounting surface for .DCs 2.4, which are located in eight vert.ca. 
eo.umns correspond.ng to .he etgh. card edge s.o.s 220 moun.ed .0 housing 202. Each 
row of .DCs 2.4 includes .we.ve md.vidua. connec.ors, for a .Ota, of 96 posstb.e 
eonneetions. Since audio cables include Ihree eonduc.ors each, .ip, ring and sh.eld, a 
.o.al of thir.y-.wo cable connections are possible wi.h module 200. Each ,DC 2.4 ,s 
,i„kea .hrough p,a.e 204 .o a connec.mg post 2.6 with.n housing 202. Links are made 
berween wtre wrap .ai.s 2. 8 and connecting posts 2.6 with tndividua, wtres. Stnee a 
tota, of 96 wires .ink.ng posts 2.6 and wire wraps .ai.s 2 . 8 are possib.e w,thin houstng 
202 these wires have been omtt.ed from .he FIGS, for c.arity. Wire organisers 222 are 
provided beiow IDCs 2.4 for co„ecting and organizing .he audio cab.es attached to 
modu.e 200. A.so moun.ed on p.a.e 204 are .wo separate grounds 224 and 226. 
; Ground 224 is a common chassis ground and ground 226 provides an .soia.ed ground. 
Card edge contact , 04 designated .0 be the common ground comae. wi„ be hnked to 
one or the other of these two grounds by a wire from the corresponding w.re wrap 
connecor 2.8, depending on wiring re,uiremcn,s of aparticu.ar apphcation. 
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Referring now to FIGS. 16 through 21, module 300 includes 3-pin 
connectors 314 for linking to individual conductors within audio cables and utilizes 
Hex-circuit 318 within the module to link the card edge connectors to the 3-pin 
connectors 314. Module 300 includes a C-shaped, open-ended housing 302, which also 
5 serves as the mounting surface for card edge slots 320. Card edge slots 320 serve to 
interface with card edge plates 102 of modules 100 and include contacts which 
electronically link card edge contacts 104 with posts 322. In housing 302 are mounting 
openings 306 and 310 for mounting module 300 to chassis 10 with fasteners inserted 
through openings 306 and 310 and into openings 18 in second upper plate flange 32 and 

1 0 second lower plate flange 34. Openings 306 include a larger lower opening 305 and a 
smaller upper opening 307 for passage of a fastener head and shaft, respectively. 
Openings 310 are configured as downward facing slots. Even though the ends of 
module 300 are open, access to the fasteners for mounting or removal from a chassis 10 
may be difficult, since multiple modules 200, 300 and 400 may be mounted side-by- 

1 5 side, blocking the open ends. Upper access slots 308 and lower access slots 312 allow 
users to see and engage the fasteners, such as with a screwdriver, even when additional 
modules are mounted alongside module 300. 

Mounted across the open end of housing 302 is plate 304. Plate 304 
serves as the mounting surface for 3-pin connectors 314, which are located in eight 

20 vertical columns corresponding to the eight card edge slots 320 mounted to housing 

302. Each row of 3-pin connectors 314 includes 4 connectors, each with 3 connections, 
for a total of 96 possible connections. Since audio cables include three conductors each, 
tip, ring and shield, a total of thirty-two cable connections are possible with module 
300. Each 3-pin connector 314 is linked through plate 304 to a connecting post 316 

25 within housing 302. Links are made between posts 322 and connecting posts 3 1 6 with 
flex circuit 3 1 8, which is a printed circuit board created from flexible materials which 
enable it to be shaped as shown in the FIGS. Also mounted on plate 304 are two 
separate grounds 324 and 326. Ground 324 is a common chassis ground and ground 
326 provides an isolated ground. Card edge contact 104 designated to be the common 




ground contact will be linked to one or the other of these two grounds by a circuit path 
on nex circuit 318 from corresponding post 322, depending on wiring requirements of a 

particular application. 

Referring now to FIGS. 22 through 27, module 400 is a more compact 
5 connection module utilizing board-to-board circuit connectors and 90-pin connectors to 
link switching modules 100 to audio cables. Module 400 includes housings 402 and 
404. Housing 402 holds card edge slots 420 and housmg 404 holds 90-pin connectors 
414. Card edge slots 420 serve to interface with card edge plates 102 of modules 100 
and include contacts which electronically link card edge contacts 104 with board 422. 
1 0 One or more board-to-board connectors 428 are mounted to board 422. 90-pin 

connectors 414 are connected through housing 404 to boards 416. Boards 416 mclude 
one or more board-to-board connectors 418, which mate with the one or more board-to- 
board connectors 428 to electronically link card edge connectors 104 of switching 
modules 100 to audio cables connected to 90-pin connectors 414. In housings 402 and 
15 404 are mounting openings 406 and 410 for mounting module 400 to chassis 10 with 
fasteners mserted through openmgs 406 and 410 and mto openings 18 in second upper 
plate flange 32 and second lower plate flange 34. Even though the ends of module 400 
are open, access to the fasteners for mounting or removal from a chassis 10 may be 
difficult, since multiple modules 200, 300 and 400 may be mounted side-by-side, 
20 blocking the open ends. Upper access slots 408 and lower access slots 412 allow users 
to see and engage the fasteners, such as with a screwdriver, even when additional 
modules are mounted alongside module 400. Openings 406 and 410, and access 
openings 408 and 412 extend through both housings 402 and 404. Openings 406 and 
410 are configured as upwardly facing and downwardly facing slots, respectively. A 
25 chassis ground 424 and an isolated ground 426 are provided in module 400 and 

depending on the wiring requirements of a particular application, card edge contacts 104 
linked to the common ground circuit on switchmg module 100 will be linked to one or 
the other of these grounds. 
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Designation device 108 is preferably a lens at least partially transparent 
to visible light so as to allow viewing of indicia held behind the lens, such as an indicia 
card. Referring now to FIGS. 31 to 36, details of an alternative embodiment lens 508 of 
designation device 108 for switching module 100 are shown. Lens 508 includes 
5 opposing sides 520 and 522, opposing ends 524 and 526, and front face 512 and rear 
face 514. Flats 516 are located at the rear of lens 508 and tabs 510 extend from flats 
516 adjacent to sides 520 and 522. Lens 508 holds mdicia on face 140 adjacent to jack 
106. Like lens 108, lens 508 is mounted to face 140 by inserting tabs 510 into 
mounting slots 109 in face 140 of switching module 100. When mounted to face 140, 
0 flats 516 rest against face 140. As shown in FIG. 36, line BB represents face 140. Line 
BB cooperates with rear face 5 14 and inner walls 528 to form an open ended indicia 
area 518, where indicia of the circuits connected to the adjacent jack 106, for example a 
paper strip, may be placed. Ends 530 of area 518 are open adjacent to opposing ends 
524 and 526. These open ends 530 allow indicia to be slid directly into area 518 when 
15 no modules are mounted in a chassis 10 adjacent to the module 100 to which lens 508 is 
attached. If an adjacent module interferes with direct access to open ends 530, open 
ends 530 also provide an opening to insert a tool, such as a thin flat screwdriver blade 
into to lever lens 508 from face 140. Designation lens 108, shown in FIGS. 3 through 9, 
has closed ends. To insert indicia into area 518 of a lens 108, a tool such as a thm probe 
20 or a wire end is inserted into opening 532 to lever lens 108 from face 140. 

The distance between opposing ends 524 and 526 is approximately equal 
to the width of face 140, though slightly smaller so as not interfere with adjacent 
modules when mounted in chassis 10. As shown, this distance is approximately 0.5 
inches. Due to the small size of the lenses 508 and thus the limits on the size of the 
25 indicia held by the lenses, some element of magniflcation by the lenses may be desired. 
This is accomplished by using different radii of curvature for front face 512 and rear 
face 514. As shown in FIG. 36, when viewed m cross section, rear face 514 is 
essentially planar while front face 512 is shaped along a radius of curvature to provide 
magnification of indicia within area 518 when viewed through front face 512. Rear face 
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514 could also be formed with a radius of curvature about the same origm as the radius 
of curvature of front face 512. The difference in curvature of front face 512 and rear 
face 514 should be selected in conjunction with the properties of the transparent 
material used to make the lens to achieve the desired level of magnification. 

With regard to the foregoing description, it is to be understood that 
changes can be made in detail, especially in matters of the construction materials 
employed and the shape, size and arrangement of the parts without departing from the 
scope of the present invention. It is intended that the specification and the depicted 
aspects be considered exemplary only, with a true scope and spirit of the invention 
being indicated by the broad meaning of the following claims. 
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